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ABSTRACT
A study was conducted to determine the a sso c ia tio n  o f  d ietary  
energy le v e l  and amino acid metabolism.
B roiler  type chicks, s ix  weeks o f  age, were su rg ica lly  modi­
f ie d  to  permit the separate c o lle c t io n  of feces  and urine. The two 
ration s used during th is  study were id e n t ic a l in  composition with the 
exception o f energy contents which were 1659 and 1504 C alories o f  
m etabolizable energy per pound. Iso la ted  soy protein  (ADM) and cry­
s ta l l in e  amino acids were used as a source o f amino acid s. Threonine, 
v a lin e , tryptophan and iso leu c in e  were added as a racemic mixture.
A ll other c r y s ta llin e  amino acids were added in  the L form. This 
study was divided in to  two periods. The same birds were used during 
both periods and the rations so a lloca ted  that each bird was fed each 
ration .
An ion-exchange column was used to  determine the quantity  
o f each amino acid in  the excreta.
The m etabolizable energy values o f  the two rations were 
found to  be 92 and 90 percent o f the ca lcu lated  values.
M etabolizable energy did  not seem to be associated  with 
ami no acid metabolism with the exception o f  ser in e .
There was complete absorption o f  the d ietary  amino acids  
from the d ig e s t iv e  tr a c t .
There was a r e la t iv e ly  high urinary excretion  o f  the amino 
acids fed as a racemic mixture.
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Serine was the only amino acid th at appeared to be associa ted  
with d ietary  energy le v e l .
There appeared to  be an a sso c ia tio n  between nitrogen intake  
and nitrogen excretion .
Urinary amino nitrogen i s  responsib le for  l e s s  than two 
percent o f  the to ta l  urinary n itrogen.
A s tr e s s  condition appeared to e x is t  which a ffec ted  nitrogen  
metabolism as evidenced by an increased  urinary nitrogen excretion  
and a decreased nitrogen reten tion  as the experiment progressed.
INTRODUCTION
I t  has been known for some time th a t amino acids have 
some metabolic interm ediates in  common with carbohydrates and 
l ip id s .  I t  i s  a lso  common knowledge th at some o f the amino acids  
must be supplied in  the d ie t  of simple stomach animals w hile certa in  
other amino acids necessary for  the w e ll being of the animal can be 
synthesized . L ip ids, carbohydrates or some o f the amino ac id 3 may 
supply the carbon chain necessary for  the sy n th esis  o f  an amino a c id .
I t  has been suggested th a t an animal should be supplied a 
d ie t  with a p articu lar  ra tio  o f energy to  protein  in  order to make the 
most e f f ic ie n t  use o f a d ie t .  Since protein  in  general c o sts  more 
per pound than carbohydrates, i t  i s  undesirable from an economic 
standpoint to have protein  u t i l iz e d  to supply energy.
Several workers have shown that some sp e c if ic  amino acids  
when supplied in  excess in  r e la t io n  to other amino acids w i l l  cause 
a depressing e f f e c t  on growth and u t i l iz a t io n  o f  the d ie t .  In some 
cases an excess o f  a g iven  amino acid appeared to cause a to x ic  
condition and th is  condition could not be a lle v ia te d  simply by in ­
creasing the amount o f  other amino acid s in  the d ie t .  In other  
cases where an excess o f an amino acid caused an adverse e f f e c t ,  the  
addition  o f  other amino a c id s would correct the condition .
The suggestion th at there i s  a need for a balance among 
amino a c id s and energy has been evident for  some tim e. Several
workers have attempted to d iscover the most sa t is fa c to r y  balance 
between amino acids and energy and the most su itab le  balance among 
amino acid s by feeding various combinations o f  the above and using  
in crease in  body weight to  determine the r e su lts .
Work conducted at Louisiana S tate U niversity  A gricultural 
Experiment Station  w ith m odified birds in d ica te s  that m odified birds 
o ffe r  cer ta in  advantages over normal b irds as a research to o l .  
Modified b irds permit c o lle c t io n  o f fe c e s  and urine sep arately .
The amino acid composition o f the urine may g ive  some inform ation  
pertain ing to the b ird 's  amino acid requirements not provided by 
measuring growth ra te .
The fo llow ing experiment was undertaken to  study the e f fe c t  
o f two energy le v e l s  on amino acid u t i l iz a t io n  as r e f lec te d  by the 
amino acid  composition o f the urine.
REVIEW OF LITERATURE
The nitrogen components o f  the urine v ar ies when the 
energy le v e l  i s  changed in  an iso-n itrogenou s ra tio n . Richardson 
(1959) working with hens that had ex ter io r ized  rectum found th at  
when the energy le v e l  o f  an isonitrogenous d ie t  was increased from 
800 to  900 c a lo r ie s  productive energy per pound the follow ing changes 
in  urinary nitrogen resu lted : (1 ) the amount o f  ammonia nitrogen
and amino nitrogen excretion  increased; (2 ) the amount o f  urea nitrogen  
and u ric  acid nitrogen decreased; (3 ) creatin e n itrogen for a given  
hen remained f a ir ly  constant. I t  was reported th at a lan ine, g ly c in e , 
glutamic acid , cy st in e , argin ine and asp artic  acid were present in  
a l l  urine samples. Some o f the urine samples contained add ition al 
amino a c id s . One hen, when placed on the high energy ra tio n , con­
sumed considerably more feed than the other hends. Urine samples 
from t h is  hen contained amino acids not present in  urin es from the  
other hens. I t  was hypothesized that the increased energy le v e l  
caused the nitrogen to  fo llow  certa in  metabolic pathways at the expense 
o f  o th ers . Richardson’ s ra tion s contained f i f t e e n  percent protein .
Folin  (1905 a) analyzed human urines for  ammonia, urea, 
u ric  acid , and creatin in e  nitrogen and found the urine nitrogen com­
ponents were r e la t iv e ly  constant when the t e s t  subjects were on a 
standard d ie t .  There was l i t t l e  var ia tion  in  the n itrogen components 
in  the urines from a given subject from day to  day.
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Folin  (1905 b) compared the nitrogen components in  th e urine  
from a subject on a low protein  d ie t  and a d ie t  adequate in  to ta l  
nitrogen . He found that the urinary nitrogen was re la ted  in  amount 
to  the amount o f  nitrogen in gested .
Krautmann e t  a l .  (1957) concluded th at the arginine re­
quirement o f  the growing chick was greater when feeding a p u rified  
d ie t  compared with a p r a c tic a l d ie t .  He stated  that there may be a 
fa c to r  o f  plant o r ig in  th at enhanced the u t i l iz a t io n  o f arginine.
O’D ell e t  a l . (1958) showed that an increase in  d ie tary  
argin ine in  the d ie t  resu lted  in  an increased  excretion  o f urea.
I t  was th e ir  opinion that increased absorption o f  arginine led  to 
an increased breakdown o f arginine by arginase in  th e kidney.
Several workers have reported on e f fe c t s  o f  an amino acid  
imbalance. Winje e t  a l . (1954) demonstrated there was an increased  
d ep osition  o f fa t  in  the l iv e r  o f  the ra t on a low protein  d ie t .
This fa t ty  l iv e r  condition  could be p a r t ia l ly  corrected by increasing  
the d ie ta ry  protein . The protein  source in  th ese  d ie ts  was pork, 
b eef, case in , or egg albumin. Supplementing these d ie t s  with g e la t in ,  
f ib r in , or with threonine and g lycin e  reduced fa t  d ep osition . The 
ad d ition  o f ly s in e , h is t id in e  and threonine reduced the fa t  deposition  
in  the l iv e r  when the egg albumin was the main source o f  protein . I t  
was suggested th at fa t  d ep osition  in  the liv ero  o f r a ts  on a low p rotein  
d ie t  adequate in  choline was due to a p articu lar  ra tio  o f  amino a c id s .
Fisher e t  a l . (i9 6 0 ) showed that th e add ition  of ly s in e  to  a 
ly s in e  d e fic ie n t d ie t  caused an in crease in  growth. When a  mixture 
o f  amino acids plus ly s in e  was added to the ly s in e  d e f ic ie n t  d ie t ,
th e increase in  growth was not as marked as when ly s in e  alone was 
added. When a mixture o f  the e s se n tia l amino acids were added to  
the d ie t  at a given ly s in e  le v e l ,  there was a greater depression o f  
growth than when a mixture o f  n o n -essen tia l amino acids was added.
A sem i-purified  d ie t  was used in  th is  study.
Elvehjem (1956) concluded th at increasin g the le v e l  o f  
amino acid may p r e c ip ita te  the d efic ien cy  o f the next most lim itin g  
amino acid . He sta ted  th at an amino acid d efic ien cy  may not be 
evident ex tern a lly  and that an examination o f various t is s u e s  such 
as fa t ty  l iv e r s  or changes in  enzyme secretio n s may be o f  value.
Elvehjem d istin gu ish ed  amino acid  to x ic ity  from amino acid antagonism. 
He sta ted  th a t, i f  an increase in  one amino acid i s  an tagon istic  to 
a second amino acid , the adverse e f fe c t s  can be a lle v ia te d  by an 
in crease  in  the second amino acid . I f  a to x ic  condition i s  caused 
by increasin g the le v e l  o f  a given amino acid , the adverse e f fe c t s  
would not be d ir e c t ly  overcome by increasing the second amino acid .
He suggested th a t in  e ith e r  o f the above cases the adverse e f fe c t s  
may be due to  the rate o f absorption from the in te s t in a l  tr a c t  or i t  
may be m etabolic in  nature.
Benton e t  a l . (1956 a) demonstrated th at growth rate o f  ra ts  
fed a nine percent casein  d ie t  supplemented with tryptophan and 
methionine was depressed by the addition o f  e ith er  three percent D-L 
phenylalanine or three percent L -tyrosine. The addition o f  threo­
nine prevented the growth depression in  both ca ses . When phenyla­
lan in e  was added at the f iv e  percent le v e l ,  th e more severe e f fe c t s  
was only p a r t ia l ly  a lle v ia te d  by the addition o f  threonine.
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Benton et a l , (1956 b) working with ra ts  reported that there  
was antagonism between iso leu c in e  and v a lin e , phenylalanine and is o ­
le u c in e , and phenylalanine and v a lin e .
Carew, J r .,  and H ill (1961) using a sem i-purified  d ie t  
showed th at a methionine d e fic ien cy  caused an increased feed consump­
t io n . The productive energy o f the methionine d e f ic ie n t  d ie t  was 
about the same as for  the methionine adequate d ie t .  Nitrogen reten­
t io n  was reduced on the d e fic ie n t  d ie t  as compared to  the methionine 
adequate d ie t .  The birds on the d e fic ie n t  d ie t deposited more fa t  
than the birds on the methionine adequate d ie t . Other workers have 
demonstrated th at b irds on a methionine d e fic ie n t  d ie t  w il l  eat more 
feed  and gain more weight in  a given period o f  time but they do not 
u t i l i z e  th e ir  feed as w ell as birds on a methionine adequate d ie t .
Cannon e t  a l . (1947) placed rats on a d ie t  d e fic ie n t in  
protein  causing them to lo se  weight. When the ra ts  were placed on a 
d ie t  adequate in  the ten  e s se n t ia l amino ac id s, they gained weight 
s te a d ily . When the protein  depleted r a t3 were a lte r n a te ly  fed basal 
d ie ts  each containing f iv e  o f  the amino a c id s , the recovery rate was 
poor. When the ten  e s se n t ia l amino acids were divided in to  two parts 
o f  f iv e  each and fed separately  along with the basal at the same tim e, 
the recovery rate was s t i l l  poor. When the two parts were mixed with 
the basal and fed , the recovery rate was rapid. This ind icated  that 
a l l  o f  the e s se n tia l amino acids need to  be present at approximately 
the same time to  permit the syn th esis o f protein .
Frame (1953) reported on the ra tio  o f free  amino acids in  
plasma from systemic blood taken from subjects before and at in ter v a ls
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fo llow ing  the in gestion  o f  a high protein  meal. The le v e l  o f  amino 
acids increased  follow ing the meal with the exception o f  g ly c in e .
The increased le v e l  o f  the amino acids did not p a r a lle l the composi­
t io n  o f  the amino acids in  the meal. The r e la t iv e  composition o f  
the plasma amino acids before and a fte r  the meal was d if fe r e n t . S ix  
to  e igh t hours fo llow ing the meal, the le v e l  o f g ly c in e , a lan ine, 
argin in e, cy st in e , h is t id in e , ly s in e  and proline f e l l  below the fa s tin g  
l e v e l .  The peptides in  the plasma did not increase a fte r  in g estio n  o f  
the meal.
Dent and S ch illin g  (1949) fed a casein  d ie t  to  dogs and 
reported th at the increase in  plasma amino acids corresponded to  the 
r e la t iv e  amino acid concentration o f the d ie t  with the exception o f  
glutam ic acid .
Klain e t  a l . ( I 960) using a p u rified  d ie t  3howed that the  
protein  requirements o f the chick for maximum growth and feed u t i l i ­
zation  may be d if fe r e n t .
During the past ten  years several workers have fed various 
combinations o f energy and protein . Donaldson e t a l . (1956) reported  
th at the productive energy le v e l  a ffec ted  the protein  requirement as 
measured by growth ra te , feed consumption and body composition. They 
demonstrated that the protein  requirement a lso  varied due to  the 
energy source. Wider ca lo r ie -p ro te in  r a t io ’s could be to lera ted  when 
part o f  the ca lo r ie s  were supplied in  the form o f fa t  as compared to  
ration s without added fa t .
Donaldson e t a l . (1957) found th at the add ition  o f  methionine 
or fa t to th e ir  t e s t  rations containing 21.1 to  22.7 percent protein
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and 908 to 971 c a lo r ie s  o f productive energy resu lted  in  increased  
growth rate and b etter  feed e f f ic ie n c y .
Rosenberg e t a l . (1955) reported th at the addition  o f D L 
methionine at the 0.05 percent le v e l  to  a corn, soy type p ra c tica l 
ration  resu lted  in  an increased performance. The same was true when 
fa t  was added to  the ra tion  at a three to s ix  percent l e v e l .  When 
both fa t  and methionine were added togeth er , the increased e ff ic ie n c y  
was greater than the ad d itive  e f fe c t  o f  fa t  and methionine when added 
sep arately .
An experiment conducted by Day and H ill (1957) ind icated  
th a t, at a given energy l e v e l ,  growth rate  and feed conversion are 
improved by increased protein  le v e ls  up to a certa in  point and then 
add ition al protein  caused adverse e f f e c t s .  The optimum C alorie- 
p rotein  ra tio  appeared to  be tw enty-eight where the energy le v e l  was 
842 c a lo r ie s  productive energy in  a growing ration  fo r  turkeys.
Baldini and Rosenberg (1957) demonstrated th a t , when a 
chick ration  i s  adequate in  fa t ty  a c id s , the add ition  o f  higher 
le v e l s  o f fa t  gave the same r e su lts  obtained when the same amount 
o f  c a lo r ie s  from corn or cerelose  was added to the ra tio n .
Sibbald e t a l . (I960) reported that the m etabolizable 
energy o f a ra tion  remained constant when fed to  birds ranging from 
two weeks to  s ix teen  months o f  age. The m etabolizable energy o f  corn 
v a r ies  from 3 .7  -  4 .1  ca lo r ie s  per gram in  d iffe re n t ration s due to  
an in tera c tio n  or e f fe c t s  o f other feed s tu f f s .  The m etabolizable 
energy o f wheat remained constant in  the d if fe re n t ra tio n s . Their 
data also  in d icated  th at c a lo r ie s  from wheat are u t i l iz e d  more
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e f f ic ie n t ly  for  t is s u e  syn th esis than are c a lo r ie s  from corn.
MacIntyre and Aitken (1957) fed various combinations o f  
energy and protein  to laying hens. They found no d ifferen ces  due 
to  protein  or energy le v e l  in  egg q u a lity  or production. They re­
ported that i t  took considerably le s s  feed per dozen eggs at the  
higher energy le v e l .
M iller e t  a l . (1957) presented data th at in d icated  a pro­
te in  le v e l  o f  12 .5  percent and 640 C alories productive energy was 
adequate to maintain maximum egg production for  growing p u lle ts .
They a lso  report that at a given protein  le v e l the amount o f  feed  
required per dozen eggs i s  increased at the lower energy le v e ls  com­
pared to  higher energy le v e ls .
Leong e t  a l . (1955) te sted  protein  le v e ls  ranging from 12 -  
42 percent and energy le v e ls  ranging from 700 -  1450 Calories for  
growing b irds. They reported th at best r e su lts  were obtained so far  
as growth rate and feed conversion at the higher protein  and energy 
l e v e l s .  They reported a poor feathering condition where 1450 C alories 
were fed in  combination with protein  le v e ls  o f  27 percent or l e s s .
Summary: In view o f reports by workers mentioned above, i t
appears obvious that there i s  a need for  further in v e s tig a tio n  in to  
the rela tion sh ip  between protein  and energy. The balance o f the essen­
t i a l  amino acids appears to  be important in  determining protein  q u a lity . 
Future work w il l  be more meaningful i f  the amino acid concentration o f  
the rations i s  known rather than simply the amount o f protein . I t  ap­
pears to the author th at an amino acid an a ly sis  o f  the fe c e s  and urine
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from chickens o ffe r s  some advantages over an an a ly sis  o f  plasma 
amino acids or the in terp reta tion  of r e su lts  on the b asis  o f  growth 
rate  and/or feed  conversion. The plasma amino acid p icture changes 
so rap id ly  and the appearance or disappearance o f  plasma amino acids  
does not n ecessa r ily  in d ica te  an excess or d efic ien cy  o f  the ind iv idu al 
amino acid . Experiments based on growth rate and/or feed e f f ic ie n c y  
alone do not g ive adequate inform ation as to  the reasons why a given  
protein  or energy le v e l  produces a p articu lar  r e su lt .
EXPERIMENTAL PROCEDURE
In order to  determine the d ig e s t ib i l i t y  o f  amino acids and 
energy by growing chickens, i t  was necessary to  modify the chickens 
to  permit separate c o lle c t io n  o f  urine and fe c e s . After considering  
the methods previously reported by Dixon and Wilkinson (1957), Dixon 
(1958), and Newbeme e t a l . (1957), the method described by Dixon 
(1958) was se lec ted .
On May 4 , 1961, ten  cross-bred b ro iler  ch ick s, s ix  weeks o f  
age, were su r g ica lly  m odified. The birds resumed eating w ith in  a few 
hours and for  a period o f one week appeared to have no trouble in  
voiding feces  or urine. At about ten  days the a r t i f i c ia l  anus began 
to  c lo se  due to  formation o f  scar t is s u e  and the birds had to  be 
sa c r if ic e d .
Three more attempts to modify the birds were u n su ccessfu l.
On September 8 , 1961, ten  cross-bred b ro iler  ch icks, s ix  weeks o f  age, 
were modified and a s l ig h t  m odification  suggested (by personal communi­
cation ) by Richardson, Iowa State U niversity , was used. The m odifica­
t io n  wa3 as fo llo w s. The peritoneum was attached to  the w all o f the  
in te s t in e , by four to  s ix  sutures, approximately one centim enter below 
the point o f  attachment o f  the abdominal w all and sk in .
The sutures were not removed a t f iv e  to  seven days as sug­
gested by Dixon, but were l e f t  in ta c t . I t  appeared th at the sutures
caused a s l ig h t  ir r i ta t io n  and reduced the formation o f scar t is s u e .
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An ointment, co n sistin g  o f  cortisone and several a n t ib io t ic s  
mixed in  White’ s Vitamin A and D ointment, was applied d a ily  to  the  
in c ised  area.
Two weeks prior to the su rg ica l m odification , the birds 
had been debeaked and placed in  wire cages. The birds were placed  
on the experimental ra tion s one week prior to  the operation. Eight 
o f  the ten  appeared in  good health  and consumed an average amount o f  
feed one week la te r . At th is  time c o lle c t io n  o f  feces and urine from 
four birds on each ration  was started . Feces were c o lle c te d  in  pans 
containing a four percent boric acid so lu tio n , placed under the cages. 
In order to c o lle c t  urine a top from a polyethylene b o ttle  was sutured 
around the vent o f  each bird and a rubber balloon was attached to the  
b o tt le  top . The balloons were only large enough to  contain a s ix  hour 
excretion  o f  urine and th ere fo re , had to  be changed four tim es d a ily . 
One m i l l i l i t e r  o f four percent boric acid was placed in  each balloon  
prior to attachment to  the chicken.
C ollection s were made fo r  three days and then the birds on 
ration  A were placed on ration  B and the birds on ration  B were placed  
on ration  A. The birds were permitted fo r ty -e ig h t hours to  become 
accustomed to  th e ir  rations and for  the m aterial from th e ir  e a r lie r  
ration  to  be voided. Two o f the birds on ration  A ceased eating on 
the second day o f  the experiment and had to be discarded. The second 
c o lle c t io n  period la s te d  three days.
In order to  reduce the time involved in  a n a ly s is , the urine 
from each bird wa3 pooled for  the three day c o lle c t io n  period. The 
fe c e s  from each bird for the three day period was a lso  pooled. The
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urine samples were frozen as soon as they were co llected  and at the 
end o f  each twenty-four hour period, the feces  were placed in  con­
ta in er s  and frozen.
The experimental ra tion s were designed to  permit determina­
t io n  o f  the e f fe c t  o f  energy le v e l  on the u t i l iz a t io n  o f the ind ividual 
amino a c id s . The amino acid composition o f  the two ra tio n s were 
id e n t ic a l .  The source o f  amino acids was 2.827 pounds o f  iso la te d  
soy-protein  (ADM) plus 3*848 pounds o f  c ry s ta llin e  amino acids in  20 
pounds o f ra tio n . The amino acid composition was e s s e n t ia l ly  the same 
as recommended by Klain e t  a l . (1958) except an add ition al twenty 
percent o f each o f the suggested amino acids was added. The high
amino acid  le v e l  se lec ted  was an attempt to  supply an excess o f each
o f  the e s se n tia l amino acid . This should permit the determination  
o f the absorption ra tio  o f the amino a c id s .
The energy le v e l  in  ration  A was 1659 Calories m etabolizable 
energy per pound and 1504 C alories per pound in  ration  B. The com­
p o s itio n  o f  the two rations are given in  Table I ,  and the amino acid  
composition i s  shown in  Table I I .
The percent o f  each amino acid in  the ration  and the re­
quirement suggested by NRC are shown in  Table I I I .  The amount o f  
each amino acid in  the ra tion  exceeds the requirement suggested by
NRC except for g ly c in e  and c y stin e .
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TABLE I
COMPOSITION OF EXPERIMENTAL RATIONS




Wesson o i l 3.990 1.995
ADM Protein 14.133 14.133
Amino Acid mix 19.210 19.210
Vitamin mix 0.399 0.399
Mineral mix 8.751 8.751
C ellu lose 4.990 8.986
The above two rations are id e n tic a l in  composition with  
the exception o f  c r is c o , Wesson o i l  and c e l lu lo s e . Ration A con­
ta in s  1659.45 C alories o f  m etabolizable energy per pound compared 
to  1503.69 C alories per pound in  ration  B.
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TABLE II
AMINO ACID COMPOSITION OF THE RATIONS




















*As part o f  a racemic mixture o f  amino a c id s .
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TABLE III
THE AMINO ACID COMPOSITION OF THE RATION AND 
THE LEVELS SUGGESTED BY NRC
Amino Acid Level in  Ration Level Suggested by NRC
(Percent) (Percent)
Glycine 0.600 1 .0
Lysine 1.476 1 .0
Tryptophan 0.278 0 .2
Threonine 0.840 0 .6
Leucine 1.992 1 .4





Iso leu cin e 1.096 0.60
Valine 1.526 0.80
Arginine 1.392 1.20
Glutamic acid 18.000 --------
Aspartic acid 0.877 --------
Alanine 0.509 --------
Proline 0.353 --------
Serine 0.977 — -
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The ration s contains 120 percent o f  the amino acids 
suggested by Klain e t  a l , (1958)• The D amiwo acid s with the  
exception o f  methionine are not included in  the 120 % o f K lain1 s 
recommendation.
The vitam in and mineral content o f  the ration  are l i s t e d  
in  Tables IV and V resp ec tiv e ly .
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TABLE IV
VITAMIN CONTENT OF EXPERIMENTAL RATIONS
(grams)
Choline ch loride (86.7 percent cholin e) 1 .04





R iboflavin  7 .00
Pyridoxin 3 .00
Folacin 2 .50
Thiamine HC1 1 .40
Menadione 0.40








MINERAL COMPOSITION OF THE RATIONS
Mineral Amount/Pound
Ca 1.62 %







Cu 3 .04  mg





Prior to any a n a ly s is , the feces  was removed from the  
freezer , thawed out and dried in  a Ver-T-Freeze dryer. The dried  
samples were weighed and ground by means o f a Wiley M ill through a 
number ten  mesh screen.
After grinding the samples, the gross energy values were 
determined with the aid o f an oxygen bomb calorim eter. In order to  
determine gross energy v a lu es, a small a liq uot was p e lle ted  and 
weighed. Each p e l le t  weighed approximately one gram. The samples 
were compressed ju st s u f f ic ie n t ly  to prevent them from crumbling 
when removed from the p e l le t  machine. I f  the p e l le t s  were compressed 
too hard, burning was incom plete. Duplicate samples were burned in  
the calorim eter and the average o f  the two samples was taken. The 
v a r ia tio n  between the gross energy values for the d u p lica te  samples 
was 0 .5  percent or l e s s .
The urine samples were removed from the freezer  and allowed  
to  thaw at room temperature. The samples were placed in  a high speed 
Serval Ommi-Mixer fo r  approximately three minutes and a 100 ml. 
a liq u o t was taken from each sample and weighed. The a liq u ots were 
dried in  a vacuum oven at a pressure o f 22 mm Hg and a temperature 
o f  f i f t y  degrees Centigrade. The percent dry matter was recorded and 
the samples were ground with a mortar and p e s t le . The samples were 
then p e lle te d , weighed, and the gross energy values were determined in  
the bomb calorim eter. The dried urine samples were extremely hygro­
scopic and i t  was necessary to  weigh, grind, and p e l le t  them immedi­
a te ly  a fte r  taking them from the vacuum oven.
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Amino Acid Analysis o f  Excreta: The amino acids in  the
excreta  were determined by a combination o f methods described by 
Moore and S tein  (1948), 1954 a ) ,  (1954 b ) , and Moore e t a l . (1958). 
Since a combination o f methods was used and some m odifications  
incorporated, the procedure used i s  described below.
Preparation o f the Ion Exchange Columns: The 150 centim eter
column was poured with Aminex M S Blend Q-150 resin  prepared by Bio- 
Rad Laboratories, 32nd and G riffin  Avenue; Richmond, C aliforn ia . The 
r es in  was a sulfonated polystyrene e ig h t percent divinylbenzene copoly­
mer. This cation  exchange resin  has a nominal p a r tic le  s iz e  ranging 
from 31-45 microns. The a ctive  exchange group in  th is  res in  i s  
SO^H*. Prior to packing the column, the new res in  was washed with one 
l i t e r  o f 4 N HC1 followed by two l i t e r s  o f 0 .2  N NaOH, one l i t e r  o f  
d is t i l l e d  water, and 6-8 hundred mis. o f  0 .2  N buffer at pH 4 .2 5 . 
Approximately 220 grams o f th is  resin  were placed in  an aspirator  
b o tt le  and approximately two volumes o f b o iled  buffer (pH 4 .25 )  
without BRIJ 35 or th io d ig ly co l added. A polyethylene covered mag­
n e tic  slug was placed in  the b o tt le  and the b o ttle  was secured and a 
magnetic s t ir r e r  mounted on a frame near the top o f  the column. The 
magnetic s t ir r e r  was allowed to  run u n t i l  a l l  o f  the resin  was w ell 
mixed with the b u ffer . The opening at the bottom o f the aspirator  
b o tt le  was attached to the column by means o f rubber tubing and a 
9/18 b a ll jo in t . A g la ss  sec tio n  in serted  in  the rubber tubing per­
m itted the operator to determine whether the slurry  was flowing  
fr e e ly . A clamp was placed on the rubber tubing in  order to regu late
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the flow  o f  slurry in to  the column. A sec tio n  o f  rubber tubing was 
placed on the o u tle t  o f  the column. The tubing was closed  by means 
o f  a clamp and res in  was permitted to  flow  in to  the column. When 
about two centim eters o f res in  had s e t t le d  in  the bottom o f the column, 
the clamp was removed from the o u tle t  tube. At th is  tim e, about f iv e  
pounds a ir  pressure was applied at the top o f the asp irator b o t t le .
The slurry  was continuously run in to  the column u n t i l  the s e t t le d  
resin  in  the column reached a height o f  155 centim eters. The res in  
in  the column was then washed with 0 .2  N NaOH and equ ilibrated  with  
b oiled  buffer containing th io d ig ly c o l. The th io d ig ly co l was added 
to  the buffer at the rate o f  1 ml. per 100 ml. o f  buffer.
Columns poured in  the above manner were compared to  columns 
poured in  f iv e  or s ix  sec tio n s . The columns yielded  sim ilar resu lts  
and sin ce pouring the column in  a continuous manner was the fa s ter  
o f the two methods, the continuous method was used th erea fter . Before 
the columns were used, severa l hundred mis. o f  0 .2  N buffer at pH 3.25
were run through the res in  under a pressure o f twenty pounds. A small
capacity  "Mini Pump" manufactured by the Milton Roy Company, P h ilad el­
phia, Pennsylvania; was used to force the buffer through the column. 
Water at a temperature o f  52° C. was then c ircu la ted  through the column 
jacket and the flow rate was adjusted to 14.02 nil., per hour by chang­
ing the p iston  stroke o f the pump.
The short columns were packed in  the same manner as described  
above with the follow ing exceptions. Twenty centim eters o f  resin  were 
poured in  the short column. Only a ir  pressure was used in  connection  
with the short column. A 0 .2  N buffer o f pH 5.28 was used to  prepare
the short column for use.
Preparation o f  Buffers Used to Elute Amino Acids From 
the Column: These buffers were prepared in  accordance with Moore
e t a l . (1958) in  seventeen l i t e r  q u a n tities  and stored in  an a ir -  
conditioned room at a temperature o f  21 -  22 degrees Centigrade.
A pH meter was used to check the pH of the b u ffers. 
Concentrated HC1 or f i f t y  percent NaOH was used to adjust the pH 
i f  necessary.
The buffer fo r  immediate use on the long column was brought 
to  a b o il ,  th io d ig ly c o l was added and the buffer was poured in to  a two 
l i t e r  asp irator b o tt le . A layer  o f  mineral o i l  was poured on top of  
the bu ffer,
The buffer to  be used in  the operation of the short column 
was treated  in  the same manner but stored in  a 500 ml. separatory  
funnel. No th io d ig ly io l was added to the bu ffer used in  the operation  
o f the short column.
Operation o f  the 150 Centimeter Column: After the column
was elu ted  with 0 .2  N NaOH, i t  was re-eq u ilib ra ted  with buffer a t 
pH 3*25. Approximately e igh ty  ml. o f NaOH and 150 ml. o f buffer were 
used in  preparing the column for  the next run. The two above steps 
were carried out at room temperature. Water a t 52° C. was then c ir ­
culated through the column water jack et. A one ml. sample o f protein  
hydrolyzate was then placed on the top of the resin  bed. The sample 
was forced down in to  the resin  by approximately f iv e  pounds a ir  pres­
sure. About 0 .3  nil. o f  pH 2.20 buffer was placed on top o f th e r es in
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bed and forced in to  the resin  by a ir  pressure. This step was repeated 
once more. The space in  the column above the res in  was then f i l l e d  
with 3.25 buffer and the buffer l in e  from the pump was attached to  the 
top o f the column. The pump was turned on for  approximately twenty 
minutes and then turned o f f .  At 8:00 P. M. the pump was started  and 
the turn tab le  f i l l e d  with c lean , ca librated  tubes. % sta r tin g  the 
pump at 8:00 P. M. the buffers could be changed the next morning about 
10:00 A. M. and the run would be completed at 8:00 A. K. the follow ing  
morning. The column was operated at a flow rate o f  14.02 ml. per hour. 
The pressure required to force the buffer through the column was ap­
proximately twenty-two pounds. In order to  prevent the r es in  bed from 
cracking, i t  was necessary to  place a rubber tube with a clamp on i t  
at the bottom o f the column. The clamp was adjusted so that th ir ty  
pounds o f pressure was required to force the buffer through the column. 
Placing a r e s tr ic t io n  at the bottom o f  the column reduced the pressure 
d if fe r e n t ia l between the top and bottom o f  the column and prevented 
the re lea se  o f  gas which had caused the resin  to  crack. The buffer  
at pH 4«25 was introduced a t a time to  allow  va lin e  to  emerge with the 
new buffer. The change was made at an e fflu en t volume about 2 .15 tim es 
that at which the aspartic  acid peak emerged.
Five hundred ml. o f eluent was c o lle c te d  in  two ml. fraction s  
and analyzed photom etrically.
Operation o f the Short Column: A on e-h a lf ml. sample was
placed on the short column in  the same manner as th at described above. 
The column was operated at 52° C. Elution with NaOH and re-eq u ilib ra ­
t io n  with buffer i s  not necessary with the short column. Only one
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b u ffer  at pH 5»28 was used to  e lu te  the basic amino acids and ammonia 
from the short column. A ll o f  the other amino acids were elu ted  in  
the f i r s t  few m i l l i l i t e r s ,  but were not separated. One hundred and 
fo r ty  ml. o f eluent were co lle c ted  and analyzed.
A nalysis o f  E ffluent Fractions: The an a lysis  was the same
as described by Moore and S tein  (1954 a)» A ll o f  the tubes were 
equ ilibrated  to g ive an o p tica l d en sity  reading w ith in  0.005 u n its  
o f a reference tube. A methyl red so lu tio n  was used to eq u ilib ra te  
the tubes and read at 525 My. The concentration o f the methyl red 
so lu tio n  was adjusted to  g ive an O.D. reading between 0 .6  and 0 .7 .
Water was used as a blank to se t the Bausch and Lomb Spectronic 
Twenty Colorimeter. One ml. o f  ninhydrin was added to  each two ml. 
fra c tio n  o f e lu en t.
Method o f H ydrolysis: The samples were hydrolyzed for twenty-
four hours at 155° C. Two hundred ml. o f 6 N NCI was used per gram 
o f  dried matter. Following the twenty-four hour h yd ro ly sis , the excess 
acid was removed by evaporation in  a fla sh  evaporator. About 100 ml. 
o f d i s t i l l e d  water were added to the few ml. l e f t  in  the f la sk . The 
pH o f th is  so lu tion  was adjusted to 4 .0  w ith NaOH. The hydrolyzate 
was then f i l t e r e d  through a fr it t e d  g la ss  funnel (M). The hydrolysate  
was then dried in  the fla sh  evaporator, and the residue d isso lv ed  in  
equal volumes o f ten  percent two-propanol and buffer (pH 2 .2 ) .  The 
volume o f  the amino acid so lu tion  was brought up to  100 ml. or s l ig h t ly  
higher i f  necessary to  get a l l  o f the amino acids in  so lu tio n . At 
th is  point the amino acid  so lu tion  was ready to  be put on the column.
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Preparation o f  Ninhydrin; The ninhydrin so lu tio n  was 
prepared in  one l i t e r  q u an tities  by the method described by Moore 
and Stein  (1954 &)• Nitrogen gas was bubbled through the ninhydrin 
so lu tio n  to  d isp lace the a ir  in  the black ninhydrin b o tt le  as w ell 
as the two b o tt le s  containing water layered with o i l .  The two b o ttle s  
mentioned were attached by tubing to the ninhydrin b o ttle  in  such a 
manner so as to  keep the space in  the ninhydrin b o ttle  f i l l e d  with 
nitrogen gas and to prevent the entrance o f  a ir .
C alcu lation s: A leu cin e  standard curve was prepared
according to  Moore and S te in , (1948)> (1954 a ) . This leu c in e  
standard curve d iffered  s ligh tly  from that o f  Moore and S te in . Using 
the standard leu c in e  curve, a d irect reading ta b le , Table VI, was 
prepared. The leu cin e  equivalents were then taken from the Table.
The leu c in e  equivalents for  the peak were added. The to t a l  leu cin e  
equivalents for  the peak times a fa c to r , (molecular weight divided by 
the color y ie ld )  equals micrograms per l i t e r .  The co lor y ie ld  i s  equal 
to the o p tica l den sity  o f  a 2 m i l l i l i t e r  sample o f  a 0 .1  m illim ole  
so lu tio n  o f  the amino acid in  question divided by the o p tica l density  
o f  a 2 ml. sample o f a 0 .1  m illim ole so lu tion  o f  leu c in e . The color  
y ie ld s  for the ind iv idu al amino acids are l i s t e d  in  Table VII.
TABLE VI
CONVERSION TABLE
2cc Sample C on cen tration  in  2X m icro-m olas per l i t e r
lc c  N inhydrin  L eucine LquJv a len t
Reading
J j.D .X .1 0 0
C on cen tration
Reading
O.D.X.lOO
C on cen tration C on cen trati DU
Reading
0.D.X1CC













1 3 5 7 26 7a 120 167 51 lii5 236 326 76 216 315 d36
2 6 10 I k 27 76 12d 171 52 id e 2dl 333 77 220 358 d97
3 8 13 13 28 80 130 l 80 53 151 2U5 3dC 78 222 361 500
12 2G 27 29 82 133 135 5d 15d 250 31 ’ 79 226 367 508
lit 23 32 30 85 138 191 55 157 255 353 8C 228 371 515
6 17 28 33 31 88 Ld3 196 56 loO 260 360 81 231 375 522
7 20 33 k5 32 91 lii8 205 5? 162 263 365 82 23d 380 529
6 23 37 52 33 9d 153 212 58 165 268 371 63 237 335 533
9 26 U2 57 3li 96 156 216 59 168 273 380 o k 2d0 390 5d2
10 28 16 63 35 100 163 225 60 171 282 335 85 2d2 393 5d5
11 31 50 70 36 102 166 23C 61 173 281 389 06 2d 6 doc 55d
12 33 57 79 37 105 171 236 62 177 286 398 87 2d 8 dC 3 558
13 3? 60 83 38 108 176 2d3 63 180 293 d07 88 252 d i o 567
lli ho 65 90 39 111 130 250 6d 182 296 d l l 89 25d d l3 572
1? k 2 66 95 do n i l 185 257 65 135 301 d i e 90 257 dl8 578
16 li5 73 101 li l 117 190 263 66 153 306 d25 91 260 d23 585
17 lie 78 108 U2 120 195 270 67 191 310 d30 92 263 d27 592
16 51 83 115 li3 122 198 275 68 19d 315 d37 93 ?66 d32 599
19 5d 88 122 k h 125 203 283 69 197 320 dd3 9d 268 d 36 606
20 57 93 123 kS 128 20 c 28c 70 200 325 d50 55 271 ddO 610
21 60 96 135 li6 131 213 295 71 202 328 d55 96 27d dd5 6 1 7
22 62 101 iliO U7 13u 213 303 7 205 333 d6l 9? 277 d50 623
23 66 107 1L9 kb 136 221 307 7 3 208 338 d?0 96 280 d55 630
2d b8 111 153 139 226 313 7k 211 3d 3 d75 99 283 d60 637
29 71 115 160 60 Id 2 ?31 320 7 - 2 lli 3d 6 dS2 IOC' 286 1------------
d65 6dd
TABLE VII
COLOR YIELD OF AMINO ACIDS




















C ysteic acid 0.967
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Determination o f  Recovery Rates o f  Amino A cids: A standard
so lu tion  o f amino acids was prepared and samples o f  th is  so lu tio n  
were run through the column. The concentration o f amino acids was 
varied from 0 .5  to 1 .0  m illim oles in  the sample placed on the column.
The concentration o f the amino acids in  the sample was varied as an 
aid in  id en tify in g  the amino acids and determining the order in  which 
they came o f f  the column. The recovery rates o f  the amino acids were 
100 - 2 . 3  percent with the exception o f proline and argin in e. The 
recovery rates for prolin e and arginine were 89.3 and 96.1 percent 
resp ec tiv e ly . The order in  which the amino acids were e lu ted  from the 
column was the same as reported by Moore e t a l . (1958).
Nitrogen Content o f  the U rines: Total nitrogen content
o f the urine samples was determined by the Kjeldahl method. In order 
to withdraw a liq u ots o f  liq u id  urine for nitrogen determ ination, the 
urine samples were thawed at room temperature. The urine was mixed 
with a high speed mixer and ten  m i l l i l i t e r s  were immediately p ipetted  
out, weighed, and placed in  a 100 ml. volum etric f la sk . The ten  ml. 
sample was then d ilu ted  to 100 m i l l i l i t e r s .  Five mis. o f th is  d ilu ted  
urine were used to determine the nitrogen content.
Summary: B roiler chicks were modified to  permit separate
c o lle c t io n  o f feces  and urine. These birds were fed ration s o f  known 
amino acid composition containing d ifferen t energy le v e l s .  Feed con­
sumption data and to ta l  urine and feces  excretions were c o lle c te d .
Gross energy values were determined on fe c e s , urine, and feed . The 
d ig e s t ib le  as w ell as m etabolizable energy o f the rations were determined.
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The feces  and urine were analyzed to  determine u t i l iz a t io n  




Feed Consumption; D aily feed consumption records were kept 
on each bird during each o f the two three-day periods. Table VIII 
shows d a ily  and to ta l  feed consumption for each bird during Periods 




Ration A Ration B
Day Bird 2 Bird 3 : Bird 4 Bird 5 Bird 6 Bird 7
(grams) (grams) (grams) (grams) (grams) (grams)
1 56 75 82 93 111 82
2 59 86 84 83 107 63
3 78 84 93 85 121 68
Total 193 245 259 261 339 213
Period II
Ration B Ration A
Day Bird 2 Bird 3 ! Bird 4 Bird 5 Bird 6 Bird 7
(grams) (grams) (grams) (grams) (grams) (grams)
1 55 75 92 85 74 62
2 50 66 63 80 75 61
3 39 74 85 79 68 54
Total 144 215 240 244 217 177
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At the end o f Period I ,  the birds on ration  A were placed  
on ration  B and the birds on ration  B during Period I were placed on 
ration  A. The same birds were used during both periods.
As shown in  Table VIII the feed  consumption was r e la t iv e ly  
constant for  a given bird from day to  day during Period I . The varia­
t io n  from bird to bird during the period was more pronounced. An 
examination o f Table VIII w i l l  show th at during Period I I  feed consump­
tio n  was more constant for a given bird from day to day than i t  was 
between b ird s.
As shown in  Table VIII feed consumption was reduced during 
Period I I  as compared to Period I .  There was a number o f fa c to rs  that 
could explain  the reduction o f feed intake in  Period I I .  The two-day 
adjustment period between the two periods may not have been long enough 
to  permit the birds to adjust to  the change in  ra tio n s. This explana­
t io n , however, does not agree with r e su lts  reported by Miner (1962). 
Miner’s work with mature b irds in d ica tes  that a two-day adjustment 
period was adequate. I t  was p ossib le  that the b irds may have been 
under s tr e s s  due to  the su rg ica l m odification which has been described  
p reviou sly . This suggestion  does not seem to  be a plausable explana­
t io n  since the birds appeared to be in  good h ea lth  follow ing the surgica l 
operation w hile they were on a w ell balanced p ra ctica l ra tio n . After 
the second period was term inated, the birds were placed on a p ra ctica l 
ration  again and there was an immediate increase in  feed consumption 
and the appearance o f the birds improved. I t  was p o ssib le  th at the 
ra tio  o f  amino acids provided an amino acid imbalance, but th is  does 
not seem l ik e ly  s in ce  the ra tio  o f  amino acids were e s s e n t ia l ly  the
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same as that used by Klain e t a l . (1958)* Several workers have 
reported good r e su lts  using th is  amino acid r a t io . There were some 
D isomers o f  amino acids supplied in  the rations in  a racemic mix­
ture as shown in  Table I I .  F e ll (1959) reported that D va lin e  could 
cause a to x ic ity .  One other p o s s ib i l i t y  e x is t s  which may explain  the 
reduced feed intake during the second period. Klain e t  a l . (1958) 
used 30 percent corn o i l  in  th e ir  ration  which resu lted  in  more energy 
in  re la tio n  to amino acids than was contained in  th ese  ra tion s. I t  
was p o ssib le  th at the energy supplied in  the ration s used in  th is  ex­
periment was inadequate in  r e la t io n  to the amino acid le v e l .  Lower 
energy le v e ls  r e la t iv e  to th at used by Klain e t  a l . (1958) were se­
le c te d  in  an attempt to create a condition to r e f le c t  a greater response 
to the d ifferen ce  in  energy le v e ls  o f the two rations used in  th is  
experiment.
Energy: The ca lcu lated  m etabolizable energy content of
rations A and B are 3*654 and 3*313 C alories per gram resp ec tiv e ly .
The gross energy, as determined by the use o f a bomb calorim eter, 
for  rations A and B are 4*0 and 3*8 C alories per gram. Tables IX and 
X show the gross energy intake and the determined m etabolizable energy 
for  the two ration s during Period I and I I .
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TABLE IX 
ENERGY UTILIZATION (Period I )
Ration A Ration B
Cal. consumed per bird (gross) 876.94 1 ,023.14
Cal. excreted in  feces  (gross) 110.94 165.89
Cal. excreted in  urine (gross) 32.16 35.24
Cal. o f  m etabolizable energy 733.84 822.01
Cal. /  gram o f feed (m et.) 3.35 3.07
TABLE X
ENERGY UTILIZATION (Period I I )
Ration A Ration B
Ceil, consumed per bird (gross) 878.94 685.28
Cal. excreted in  feces  (gross) 110.87 142.01
Cal. excreted in  urine (gross) 30.36 24.73
Cal. o f m etabolizable energy 737.71 518.54
Cal. /  gram o f  feed (m et.) 3.35 2.88
Table XI shows the agreement between the ca lcu lated  metabol­
iza b le  energy values for the two rations as compared to the 
actual values as determined in  th is  experiment.
TABLE XI
METABOLIZABLE ENERGY PER GRAM OF FEED
Period I Period II
Calculated Determined Calculated Determined
Ration A 3.654 3.351 3.654 3.353
Ration B 3.313 3.067 3.313 2.381
As shown in  Table XI the actual m etabolizable energy in  
the ra tion  i s  l e s s  than the ca lcu lated . However, there was c lo se  
agreement between the two determined values for each of the two 
ra tio n s. The determined values for ra tion  A were 92 percent o f  
the ca lcu lated  values. The values for ration  B were only s l ig h t ly  
low er, averaging 90 percent o f  the ca lcu lated  values.
Amino Acid Absorption: Samples o f  feces  from each bird
on th e experiment were hydrolyzed and amino acid analyses conducted. 
There were traces o f  each o f  the amino acids present; however, a l l  
amino acids were absorbed to  the extent o f  98 percent or more.
This in d ica tes  the p o s s ib i l i t y  o f  using birds without the surg ica l 
m odification  for experiments sim ilar to  the experiment reported here.
Urinary Nitrogen E xcretion: The average urinary nitrogen
excretion  per bird per three-day period i s  reported in  Table XII.
TABLE XII
URINARY NITROGEN EXCRETED PER BIRD PER THREE-DAI PERIOD
Period I Period II
(nig.) (mg.)
Ration A 1541.6 3696.4
Ration B 2454.7 2242.9
The average urinary nitrogen excretion  (in  m illigram s) 
increases in  Period II  as compared to  that excreted during Period I . 
The average for  a l l  o f  the birds per three-day period i s  1998.2  
m illigram s during Period I as compared to 2969.7 m illigram s excreted  
in  Period I I . The d ifferen ce  in  average nitrogen excretion  by the 
birds on ra tion  A as compared to  th at by b irds on ration  B was much 
sm aller than the d ifferen ce  in  nitrogen excretion  for the two periods. 
A compai’iso n  o f  Tables VIII and XII in d ica tes  a strong re la tio n sh ip  
between nitrogen intake and urinary nitrogen excretion . In Period I 
the average feed consumption for  b irds on ra tion  B was 22.4  percent 
greater than for the b irds on ration  A. The birds on ration  B a lso  
excreted 59.2 percent more urinary nitrogen than th e b irds on ration  
A during the same period. The b irds on ration  A consumed 22.2  percent 
more feed and excreted 64.8 percent more nitrogen than the b irds on 
ration  B during the second period. Since th is  increased urinary
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n itrogen  with increased feed intake occurs regard less o f  the ration  
involved , i t  would appear that urinary excretion  was re la ted  to  
nitrogen intake to a much greater extent than i t  was to  energy con­
te n t o f  the ra tion . I t  w i l l  be noted that the nitrogen content of 
the urine in  Period I was 13*4 percent and 17.4  percent o f  the n itro ­
gen intake o f ration s A and B r esp ec tiv e ly . In Period I I  the percent­
age increased somewhat, but showed a sim ilar e f fe c t  being 32.1 percent 
and 23*8 percent for ra tion s A and B resp ec tiv e ly . The d ifferen ce  
noted for the various fa c to rs  observed in  th is  study would appear to  
be re la ted  more to  the nitrogen composition or content o f  the ration  
than to  the energy content. I t  was suggested th at the presence o f  
the D isomers o f  several o f the amino acids in  the rations may be 
responsib le for  th is  d ifferen ce  between Period I and Period I I .
Urinary Amino A cids: A quantative an a ly sis  o f  the in d iv i­
dual amino acids was conducted on the urine samples using an io n -  
exchange column as described e a r lie r . A b iu ret t e s t  as described  
by Hawk e t a l . (1954) was run on samples o f  urine to determine i f  
protein  was present. The b iuret was negative in d ica tin g  the absence 
o f  protein  in  the urine. All amino acids present in  the feed was 
found in  the urine with the exception o f  tryptophan. Although 
tryptophan may have been present, the procedure used does not deter­
mine the amino acid and no values are reported.
The amount of each amino acid determined is shown in 
Table XIII. The values reported are the milligrams of each amino 













(m gs.) (m gs.) (m gs.) (m gs.)
Aspartic acid 5.61 0.47 1.63 5.71
Threonine 21.48 20.35 16.04 15.58
Serine 1.32 17.70 2.90 7.94
Glutamic acid 172.09 89.24 51.65 143.08
Proline trace trace trace trace
Glycine 0.56 0.81 0.74 0.86
Alanine 0.80 1 .19 1 .39 1.13
Cystine 6.08 2.98 5.69 3.03
Valine 41.73 35.99 31.44 43.47
Methionine 4.50 3.03 5.61 8.09
Iso leu cin e 21.51 22.20 17.38 20.04
Leucine 1.39 1.16 3 .24 2.75
Tyrosine 1 .84 1.18 3.33 3 .90
Phenylalanine 1.63 0.66 2.93 2.62
Lysine 14.15 14.94 2.62 16.69
H istid ine 6.96 5.12 14.63 7.48
Arginine 5.46 6.09 3.44 2.37
Total 307.11 223.11 165.16 289.74
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The c r y s ta llin e  andno acids added to  the ration  were in  
the L form except for threonine, v a lin e , iso le u c in e , methionine, 
and tryptophan which were added as a racemic m ixture. R ela tiv e ly  
large  amounts o f  threonine, v a lin e , and iso leu c in e  were found in  
the urine as shown in  Table XIII. The r e la t iv e ly  large amounts o f  
these amino acids excreted in  the urine may be due to  the D isomers 
present in  the ra tion . This i s  in  agreement with work reported by 
F e ll (1959)• I t  appears that the D isomers o f th ese amino acids are 
u t il iz e d  l e s s  e f f ic ie n t ly  than the L isomers as suggested by F e ll.  
Methionine was excreted at an interm ediate le v e l  in d ica tin g  the 
D isomer may not be u t i l iz e d  quite as e f f ic ie n t ly  as the L isomer. 
R ela tiv e ly  large amounts o f  glutamic acid was excreted in  the urine 
and i s  probably a r e f le c t io n  o f  the large amount in gested . Only a 
moderate amount o f aspartic acid was present in  the urine. However, 
a r e la t iv e ly  large amount was excreted by the birds that consumed 
the larger amount o f feed as compared to  that excreted by b irds that 
consumed l e s s  feed . Only small amounts o f  g lycine and alanine were 
excreted in  each case. There was an increase in  methionine, leu c in e , 
ty ro sin e , phenylalanine, and h is t id in e  during the second period as 
compared to  the f i r s t  period. I t  appears p o ss ib le  that th ese amino 
acids may be u t i l iz e d  le s s  e f f e c t iv e ly  under s tr e s s  conditions.
The difference in the ratio of amino acid appearing in the 
urine and the ratio in the feed is due to varying utilization of amino 
acids. All of the amino acids in the ration were available since ab­
sorption was 98 percent or better.
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In order to determine the relationships between amino acid 
excretion in the urine and amount ingested, Table XIV was prepared 
showing milligrams of each amino acid excreted per gram intake of that 
amino acid.
TABLE XIV
MILLIGRAMS OF URINARY AMINO ACIDS PER GRAM INTAKE*
Amino Acid
Period I 
Ration B Ration A
Period II 
Ration B Ration A
Aspartic acid 6.52 0.55 1 .90 6.64
Threonine 26.04 24.67 19.44 18 .88
Serine 1.37 18.30 3 .00 8.21
Glutamic acid 9.59 4.97 2.88 7.97
Proline Trace Trace Trace Trace
Glycine 0.95 1.37 1.25 1.45
Alanine 1 .58 2.35 2.75 2.23
Cystine 25.98 12.74 24.32 34.32
Valine 27.93 24.09 21.04 29.10
Methionine 9.89 6.66 12.33 17 .78
Isoleucine 19.41 20.03 15.69 18 .09
Leucine 0.71 0.59 1 .66 1 .41
Tyrosine 2.17 1.39 4.53 4.60
Phenylalanine 2.42 0.98 4.35 3 .89
Lysine 9.35 9.87 1.73 11.03
Histidine 14.26 10.49 29.98 13.33
Arginine 4.14 4.61 2.61 1 .80
Total 162.31 143.66 14-9.46 180.73
*The above values are milligrams of amino acids excreted 
in the urine per gram of that amino acid ingested.
a
As shown in  Table XIV the large amount o f  glutamic acid  
excreted was due to  the high le v e l  (18 percent) in  the ra tion .
When expressed as m illigram s excreted per gram in gested , the values  
are s t i l l  moderately high but are more in  l in e  with the average o f  
the other amino acids excreted.
Threonine, m ethionine, iso le u c in e , and va lin e  when expressed  
on a m illigram  excreted per gram intake basis  are s t i l l  r e la t iv e ly  
high. As previously  observed, these amino acids were present in  the 
d ie t  as the racemic mixture. This observation lends further support 
to  the hypothesis that the D form o f  the amino acid i s  not being u t i l ­
ized  e f f ic ie n t ly  and i s  responsib le for the d ifferen ces  observed between 
Period I and Period I I ,
The re la tion sh ip  between asp artic  acid excretion  and feed  
in take i s  magnified in  Table XIV. The birds on ration  B, Period I 
and ration  A, period II consumed more feed and thus more aspartic  
acid  than b irds on ration  A and ration  B in  Period I and II  respec­
t iv e ly .  I t  appears th at at a higher feed intake the u t i l iz a t io n  o f  
aspartic  acid may be reduced when compared to lower le v e ls  o f  feed  
in tak e . This appears to r e f le c t  a greater r e la t iv e  u t i l iz a t io n  for  
asp artic  acid at a lower le v e l  o f  feed intake than at higher feed in ­
tak es. Aspartic acid i s  not considered e s se n tia l for the growing 
chick, yet i s  recommended for  rations such as th ese . I t  appears 
th at serine excretion  i s  greater for b irds fed the high energy ration  
than for  those fed the lower energy ra tion . Of a l l  the amino acids  
stud ied , serine i s  the only amino acid that appears to  be rela ted  to  
energy content of the d ie t .  The lower excretion  o f  serine on the
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low energy d ie t  suggests th at th is  amino acid may be used in  energy 
producing pathways when energy becomes more lim ited .
There i s  a marked increase in  urinary excretion  of methi­
onine, le u c in e , tyrosine and phenylalanine during Period II  as compared 
to  Period I .
Arginine was excreted in  larger  amounts during Period I as 
compared to Period II  as shown in  Table XIV. This increased u t i l i ­
zation  i s  most l ik e ly  due to  the more severe s tr e s s  condition e x ist in g  
during Period II as compared with Period I .
H istid ine and cystin e  are excreted in  very large  amounts 
when expressed on a per gram intake b a s is . This in d ica tes  that the 
requirement for these two amino acids may be le s s  than the le v e l  sup­
p lied  in  th ese rations r e la t iv e  to the le v e l  o f  other amino acid s.
Amino Acid Nitrogen as a Percent o f  Urinary N itrogen:
The nitrogen contributed by urinary amino acids and the to ta l  urinary  
nitrogen i s  shown in  Table XV.
The percent o f  to t a l  urinary nitrogen contributed by 
the amino acids in  the urine during Period I for rations A and B 
i s  1.98 and 2.09 re sp e c tiv e ly . For Period II with rations A and B, 
the percent o f  to t a l  urinary nitrogen contributed by amino acids i s  
1 .08  and 0.83 resp ec tiv e ly . The in crease in  urinary nitrogen during 
Period II  as compared to Period I i s  not due to the amino acid fraction  
o f the urine.
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TABLE XV
THE AMOUNT OF NITROGEN EXCRETED IN THE URINE AND THE 
NITROGEN PRESENT AS AMINO ACIDS
Period I Period II
Total Amino Acid Total Amino Acid
Nitrogen Nitrogen Nitrogen Nitrogen
(mg.) (mg.) (mg.) (mg.)
1541.6 30.5 3696.4 39.8
2454.7 51.4 2242.9 18 .6
The amount o f  urine excreted per bird per three-day period  
i s  shown in  Table XVI. Included in  th is  Table i s  the to t a l  dry matter 
and grams o f nitrogen excreted in  the u rin e .
TABLE XVI
AMOUNT OF URINE, DRY MATTER AND NITROGEN EXCRETED 
PER BIRD PER 1HREE-DAY PERIOD
Period I Period II
Bird No. Urine Dry Matter Nitrogen Urine Dry Matter Nitrogen
(gram) (Percent) (gram) (gram) (Percent) (gram)
2 501.0 2.23 0.6979 466.8 1.95 3.3763
3 464.7 3.02 2.3352 479.1 2.31 1.1095
4 606.6 2.49 2.1099 481.8 2.53 3.3205
5 415.0 2.06 1.0953 410.5 3.16 4.1125
6 553.6 2. SO 3.1916 443.9 2.93 1.3922




The amount o f urine excreted under the conditions o f  th is  
experiment i s  not d ir e c t ly  re la ted  to feed in tak e. There does not 
appear to be a constant re la tio n sh ip  between dry matter excretion  
and urine excretion . The amount o f dry matter excreted i s  increased  
as feed intake i s  increased . The rela tio n sh ip  between nitrogen  
excretion  and feed intake i s  the same as for dry matter and feed  
in tak e .
As mentioned previously , the to ta l  nitrogen excretion  i s  
greater in  Period II  than in  Period I .
Nitrogen R etention: Values showing nitrogen intake and
nitrogen excreted i s  shown in  Table XVII.
TABLE XVII 
NITROGEN BALANCE
Ration A Ration B
Period I  Period II Period I Period I I
Nitrogen intake 11.470  
(grams)
11.530 14.040 9.430
Urinary nitrogen 1.542  
(grams)




Nitrogen reten tion  9.025  
(grams)
6.976 10.266 6.285




As shown in  Table XVII, nitrogen reten tion  was greater  
during Period I than in  Period I I .  This lends farth er support to  
the suggestion that a s tr e s s  condition  was present and wa3 more 
severe during the second period. As mentioned e a r lie r , the feces  
were co llec ted  in  large pans containing a boric acid so lu tio n . The 
fe c a l nitrogen i s  not corrected for  nitrogen trapped from the atmos­
phere by the boric acid so lu tion .
SUMMARY AND CONCLUSIONS
Summary? This experiment was designed for the purpose o f  
studying the re la tio n sh ip s between energy and amino acid u t i l iz a t io n .  
Energy le v e ls  se lec ted  were low r e la t iv e  to the amino acid content 
o f the ration  in  order to magnify the e f fe c t s  o f energy on amino 
acid u t i l iz a t io n . The birds used in  th is  experiment were su rg ica lly  
modified to permit separate c o lle c tio n  o f urine and fe c e s .
The amino acid composition o f the feces  and urine were de­
termined by using an ion-exchange column. The amino acids in  the 
feed  were absorbed to the extent o f  98 percent or more.
The amino acid composition o f the urine r e f le c t s  several 
p o s s ib i l i t i e s .  Serine u t i l iz a t io n  appeared to be rela ted  to  energy 
content o f the ration . The urinary excretion  o f  threonine, v a lin e , 
and iso leu c in e  was r e la t iv e ly  high compared to the other amino acid s. 
This was most l ik e ly  due to the in c lu sio n  o f these amino acids in  the 
ration  in  a racemic mixture. I t  was concluded th at the D isomer o f  
these amino acids were u t i l iz e d  le s s  e f f ic ie n t ly  than the L isomer as 
suggested by F ell (1959). The large amount o f glutamic acid  excreted  
in  the urine was due to the large amount in gested . When expressed 
on the basis o f m illigram s excreted per gram in tak e, the excretion  
o f  glutamic acid was more in  l in e  with other amino acids.
Urinary excretion o f methionine, leu c in e , tyrosin e , phenyl­
a la n in e , and h is t id in e  was increased during the second period. I t
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appears th at u t i l iz a t io n  o f these amino acids i s  reduced under s tr e s s  
cond itions.
I t  was concluded that a s tress  condition was created due to  
the D isomers o f amino acid s in  the ra tion . The lower nitrogen reten­
t io n  during Period II  as compared to Period I lends farther support to  
the conclusion th at a s tr e ss  condition was present during th is  experi­
ment.
Aspartic acid was not excreted in  r e la t iv e ly  large amounts. 
There wasj however, a marked increase in excretion  by birds which 
consumed the greater amounts o f  feed as compared to  excretion  by birds  
which consumed l e s s  feed . The u t i l iz a t io n  of arginine was increased  
in  the second period. The more severe s tr e s s  during Period I I  appeared 
to have caused an increased u t i l iz a t io n  o f  argin in e.
Total urinary nitrogen excretion  was increased when nitrogen  
in take was increased w ith in periods. There was a marked increase in  
Period I I  as compared to  Period I r e f le c t in g  a more severe s tr e ss  con­
d it io n  during the la t t e r  period.
The dry matter in  the urine was increased due to the higher 
feed intake.
The m etabolizable energy values were determined for  the two 
ration s used in  th is  experiment. The determined values were 92 and 
90 percent o f  the ca lcu lated  values for ration  A and B resp ec tiv e ly .
Conclusions: From the above study the follow ing conclusions
seem to be ju s t i f ie d .
1 . M etabolizable energy did not seem to  be associa ted  with amino acid  
metabolism.
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2 . There was complete absorption o f the d ietary  amino acids from the 
d ig e s tiv e  tr a c t .
3 . There was a r e la t iv e ly  high urinary excretion  o f  the amino acids  
fed as a racemic mixture.
4 . Serine was the only amino acid that appeared to be associated
with d ietary  energy le v e l .
5. There appeared to  be an a sso c ia tio n  between nitrogen intake and
nitrogen excretion .
6 . Urinary amino nitrogen i s  responsib le for l e s s  than two percent 
o f the to t a l  urinary n itrogen .
7. A s tr e s s  condition appeared to e x is t  which a ffected  nitrogen
metabolism as evidenced by an increased urinary nitrogen excretion  
and a decreased nitrogen reten tion  as the experiment progressed.
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